It is common to find considerable genetic variation in susceptibility to infection in natural 36 populations. We have investigated whether natural selection increases this variation by 37 testing whether host populations show more genetic variation in susceptibility to pathogens 38 that they naturally encounter than novel pathogens. In a large cross-infection experiment 39 involving four species of Drosophila and four host-specific viruses, we always found greater 40 genetic variation in susceptibility to viruses that had coevolved with their host. We went on 41 to examine the genetic architecture of resistance in one host species, finding that there are 42 more major-effect genetic variants in coevolved host-parasite interactions. We conclude 43 that selection by pathogens increases genetic variation in host susceptibility, and much of 44 this effect is caused by the occurrence of major-effect resistance polymorphisms within 45 populations.
Introduction

49
From bacteria to plants and insects to humans, it is common to find considerable genetic 50 variation in susceptibility to infection in natural populations [1] [2] [3] [4] . This variation in 51 susceptibility can determine the impact of disease on health and economic output [5] [6] [7] [8] . In 
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Table S1 and S2).
167
Major-effect genetic variants that are known to provide resistance to DMelSV do not 168 protect against other viruses 169 170
To examine whether the genetic basis of resistance to coevolved and non-coevolved viruses 171 was different we estimated the genetic correlations (r g ) in their viral loads. In D.
172 melanogaster these were 0.40 for DMelSV-DAffSV, (95% CIs: 0.20, 0.61) and 0.25 for
173
DMelSV-DObsSV (95% CIs: -0.01,0.47). In the other species our estimates sometimes had 174 wide credible intervals, but the genetic correlations between coevolved and non-coevolved 175 viruses were mostly below 0.5 (Table S3 ). Therefore if natural selection increases genetic 176 variation in susceptibility to a natural pathogen, there is expected to be a smaller effect on 177 non-coevolved viruses.
179
In D. melanogaster a substantial proportion of the genetic variance in susceptibility to 180 DMelSV is explained by major-effect variants in the genes CHKov1 and p62 (also known as mutation and been driven up in frequency by natural selection, presumably due to the 183 presence of DMelSV in natural populations [24, 25] . Therefore, if these genetic variants 184 confer resistance to DMelSV but not the other sigma viruses, then this may explain the 185 differences in genetic variance that we observed.
187
To examine whether CHKov1 or p62 contributed to the differences in genetic variance we 188 observed in D. melanogaster, we genotyped the parents of the full sib families for variants 189 that confer resistance (Table S4 ). Assuming the effects of the resistant alleles are additive,
190
we estimated that the load of the coevolved virus DMelSV was more than halved in 
197
To confirm these results we infected 1869 flies from 32 inbred D. melanogaster lines [49] 198 that had known CHKov1 or p62 genotypes. The effect of these variants was greater on the 
212 213
There are a greater number of major-effect variants in coevolved host-virus associations
215
To investigate how coevolution shapes the genetics of resistance in an unbiased way, we 216 mapped loci controlling resistance using a D. melanogaster advanced intercross population
217
(the DSPR panel [50] ). This population samples genetic variation in a small number of 218 genotypes from around the world (the experiments above sampled many genotypes from a 219 single location). It was founded by allowing two sets of 8 inbred founder lines to interbreed 220 in large populations for 50 generations, then creating recombinant inbred lines (RILs) whose 221 genomes are a fine-scale mosaic of the original founder genomes. We used 377 RILs from 222 these populations, which have up to 15 alleles of each gene (one founder line is shared 223 between the two populations). We infected 15,916 flies across 1362 biological replicates 224 with DMelSV, DAffSV or DObsSV and measured viral load as above.
226
We first estimated the genetic variance in viral load within our mapping population. The
227
results recapitulated what we had found above in a natural population of flies -there was 228 considerably more genetic variation in susceptibility to the coevolved virus than the non-229 coevolved viruses ( Figure 4A , filled circles). Therefore, our earlier result from a single 230 population holds when sampling flies from across 6 continents, although the magnitude of 231 the effect is considerably greater in this mapping population.
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240
QTL that remained were significant following multiple regression with all the loci are shown.
241
The coevolved virus is shown in red.
243
To examine the genetic basis of virus resistance, we looked for associations between 244 genotype and viral load across the genome ( Figure 4B ). In the coevolved association 245 (DMelSV) we identified seven QTL associated with resistance, compared to one that affects
246
DObsSV and none affecting DAffSV (Table S5 ; this excludes one DMelSV on the X 247 chromosome that did not remain significant after accounting for the other QTL). The QTL
248
affecting DObsSV also has a significant effect on DMelSV. One of the QTL corresponded to 249 p62 (2L 53cM). The susceptible allele of CHKov1 was not present in the fly lines assayed.
251
To examine the effect that the QTL have on viral load, we first split the founder alleles into a 
260
Together, this modest number of loci with substantial effects on resistance explains most of 261 the high genetic variance in resistance to the coevolved virus ( Figure 4A , filled versus open 262 circles). Individually resistant alleles cause an approximate 3-7 fold reduction in viral load 263 ( Figure 4C ), and together they explain 59% of the genetic variance in susceptibility to 264 DMelSV, 77% for DObsSV and 3% for DAffSV ( Figure 4A , filled versus open circles). However, 265 even after accounting for these genes there remains a significantly higher genetic variance in 266 the viral load of the coevolved virus ( Figure 4A , open circles, non-overlapping 95% CI).
268 269
Discussion
271
We have found greater genetic variation in susceptibility to pathogens that naturally 272 coevolve with a host compared to those that do not, suggesting that selection by pathogens 273 acts to increase the amount of genetic variation in susceptibility. This effect was largely 274 caused by a modest number of major-effect genes that explain over half of the genetic 275 variance in resistance.
277
There are several different ways in which selection by pathogens could increase genetic 
291
There is no indication of negative frequency dependant selection, and these polymorphisms 292 appear to have arisen from partial selective sweeps [24, 25] .
294
At equilibrium directional selection on a trait is not expected to affect its genetic variance 
333
In conclusion, we have demonstrated that selection by pathogens can increase the amount We set up a common garden experiment to measure genetic variation in susceptibility to 356 natural and non-natural viruses across four host species. For each species we infected it with 357 its own virus, as well as two viruses that do not infect that host species (see Figure 1 ). Table S6 .
424
To estimate viral load, we calculated ΔCt as the difference between the qRT-PCR cycle 425 thresholds of the virus and the endogenous control. Viral load calculated without using the 426 endogenous control is strongly correlated to ΔCt for all species.
428
Statistical analysis full-sib experiments
430
We used a linear mixed model to examine the amount of genetic variation in susceptibility 431 to the different viruses. We used a trivariate model with the load of the three viruses as the 432 response variable. For each species the model was structured as:
433
(1) 
443
In addition, for D. melanogaster we ran a further model that included the additional fixed Diffuse independent normal priors were placed on the fixed effects (means of zero and variances of 10 8 ). Parameter expanded priors were placed on the covariance matrices resulting in scaled multivariate F distributions which have the property that the marginal
The MCMC chain was ran for 130 million iterations with a burn-in of 30 million iterations and 462 a thinning interval of 100,000.
464
We confirmed the results were not sensitive to the choice of prior by also fitting models with 
483
To estimate the effect of each QTL we assumed that there was a single genetic variant 484 affecting viral load, so the founder alleles could be assigned to two functionally distinct 485 allelic classes. First, we regressed the mean viral load against the genotype probabilities (as 
505
To estimate the proportion of the genetic variance that is explained by the QTL we 506 identified, we repeated this analysis but included the 7 QTL we identified as fixed effects in 
585
American Naturalist 153, S1-S14. CHKov-1 genotyping primers. Use reverse primer (R) in singleplex with each of the forward (F) primers, if resistant Doc1420_F + CHK_R primers produce 560bp product, if susceptible CHK_F + CHK_R produce 634bp product Table S4 . Primers for genotyping D. melanogaster resistance genes Ge-1, p62 (Ref(2)P) and 742 CHKov-1. PCRs were carried out using a touchdown PCR cycle (95°C 30sec, 62°C (-1°C per Table S6 . Primers for qRT-PCR (5'-3').
756 757
Supplementary Methods
759
All lines were screened for their retrospective sigma virus over two generations by RT-PCR, 760 and infected isofemale lines discarded prior to the experiment.
762
Drosophila melanogaster 763 764
We created an outcrossed population by combining 150 isofemale lines of D. melanogaster 765 (collected in Accra, Ghana (5.593, in 2014) in a population cage. The population was
